Experimental equilibrium data of the systems water + NaCl or KCl+ 2-methyl 2-propanol are determined experimentally at boiling conditions and 101.3 kPa. The results obtained permit a study of the shape and different regions of their equilibrium diagrams. A comparison with similar diagrams of other alcohols is made, demonstrating that the ability of NaCl and KCl to split the water + alcohol mixture into two liquid phases increases with temperature and that NaCl splits the alcohols from water in the following order: 2-methyl 2-propanol >1-propanol> 2-propanol.
INTRODUCTION
It is well-known that the presence of an electrolyte causes a significant change in the liquidVapor (LV) and liquid-liquid (LL) equilibrium of systems containing water + organic solvents.
The mechanism by which this occurs involves an alteration of the intermolecular forces, especially hydrogen bonding. This effect of the salt on the LV equilibrium suggests a potential application as a separation technique in many industrial processes including extractive distillation or regeneration of solvents. Obviously, for design calculations, it is necessary to have the equilibrium phase diagram of the involved mixed solvent electrolyte system.
In the 1970s, Furter et al. (1) (2) (3) reported LV equilibria of several mixed solvent electrolyte systems and made an attempt to devise a theory of the salt effect on the LV equilibrium. Since then, experimental studies on the effects of the salt on the LV equilibrium and, correspondingly, the literature available on these systems, have remained scant (4) , and the relatively small amount of existing experimental data is incomplete, with some even containing important inconsistencies (5, 6) .
Two examples of such mixed solvent electrolyte systems are the ternary mixtures water + NaCl or KCl + 2-methyl 2-propanol (tert-butyl alcohol (TB)). The pair water + 2-methyl 2-propanol is completely miscible and presents a minimum boiling azeotrope at 101.3 kPa and 352.8 ± 0.3 K, with a mole fraction of 2-methyl 2-propanol of 0.64 ± 0.02 (obtained as mean value and standard deviation of the twelve azeotropic data values reported in (7)).
Moreover, the presence of salt (NaCl or KCl) can split the above miscible system into two liquid phases at 298.1 K (8). However, the influence of the salts on the equilibria of these systems, with respect to the shape of the various regions of their equilibrium diagrams, or the effect on the azeotropic mixture water + 2-methyl 2-propanol, has not been addressed in the literature.
In this work, we report experimental LV (liquid-vapor), LLV (liquid-liquid-vapor), SLV (solidliquid-vapor) and SLLV (solid-liquid-liquid-vapor) equilibrium data for water + NaCl + 2-methyl 2-propanol and water + KCl + 2-methyl 2-propanol at 101.3 kPa. The results obtained permit a study of the shape and various regions of these two systems' isobaric phase diagrams, as well as a comparison with similar diagrams of other alcohols, all with a view to contributing to a greater understanding of these mixed solvent electrolyte systems.
MATERIALS AND METHODS

Chemicals
Ultrapure water with conductivity less than 1 µS/cm was obtained by means of a MiliQPlus system. The other chemicals used in this work are summarized and described in table 1. Ethanol appears because it served as an internal standard for quantitative chromatographic analysis.
Experimental Method
All the LV, LLV, SLV and SLLV phase equilibrium determinations were carried out using a modified vapor-liquid Fischer Labodest unit (Fischer Labor und Verfahrenstechnik). This unit consists of a dynamic Gillespie still equipped with two internal recirculations: one for the vapor phase and the other for the liquid (in the case of LV), liquid+solid (SLV), two liquids (LLV) or two liquids and a solid (SLLV). The modification and operation of the unit is detailed in a previous paper (9) . It has also been fitted with an ultrasonic transducer to enhance mixing, dispersion and mass transfer of the various phases and has been tested successfully on solids (5-6).
To carry out an experiment, a mixture of water + salt + 2-methyl 2-propanol is placed in the boiling flask. There, it is heated at a pressure of 101.3 kPa, which is maintained by means of a pressure controller (Mensor CPC 3000) and a Fisher M101 phase equilibrium control system. When equilibrium has been reached, the boiling temperature is measured using a digital thermometer (Hart Scientific 5615). Then, samples of the condensed vapor and of the liquid, liquid+liquid or solid+liquid+liquid flowing through the recirculation, are taken and separated at the boiling temperature (that is, if they contain more than one phase), and subsequently analyzed.
For this analysis, a liquid sample is introduced into a vial with a known amount of ethanol, which serves as an internal standard. The sample is then analyzed by gas chromatography to determine its water and 2-methyl 2-propanol content. Another aliquot of the liquid sample is collected and its salt concentration is determined after drying it to constant weight at 403.1 K.
The gas chromatograph is a Shimadzu GC14B equipped with a Thermal Conductivity Detector (TCD) using a 100 mA current. The separation of the compounds is performed in a 2 m x 3 mm 80/100 Porapack Q packed column. Glass wool is placed inside the glass insert to avoid NaCl and KCl entering the column. Helium is used as a carrier gas at a flow rate of 25 mL/min, and The results show that there is a very small difference of less than 1 K between some of the critical points in each system: the azeotropic temperature of the binary system water + tertbutanol is 352.8 K (7) Effect of the temperature. For each salt, Fig. 3 shows a comparison of equilibrium diagrams at low temperature (8) and at the boiling point. The shapes of the different regions are very similar in all of them. However, one can see how the temperature increases the size of the region corresponding to two liquid phases. In both cases, an increase in temperature lowers the concentration of salt that is needed to produce the splitting into two liquid phases. The effect also manifests through the value of the mole fraction of salt at the plait point, which is reduced by half for an increase of temperature from 298.15 K to the boiling temperature. Moreover, the size of the LLE region increases more in its upper area in the presence of K + than Na + , since the solubility of KCl in water rises more rapidly with temperature than in the case of NaCl. The above phenomenon was studied previously for the same alcohol and different salts (12-13), but at temperature difference of only 20 K. It was found that the effect of the temperature on the concerned systems was negligible or very small. However, in this work we find a marked increase in the ability of the salts to separate phases as the temperature rises.
Effect of the alcohol. The ability of NaCl to split the alcohol water mixture into two liquid phases, as a function of the identity of the alcohol, has been also studied. This ability increases in the order 2P< 1P < TB as evidenced in Fig. 4 . There, one can see how the region of two liquid phases grows in that order or, how the composition of the plait point shows that the concentration of salt necessary to split the alcohol-water mixture into two liquids, decreases from 0.0286 for 2-propanol to 0.0049 for 2-methyl 2-propanol. The longer carbon chain of TB causes the solubility of the alcohol in water to decrease a lot more in the presence of salt. With respect to 1P and 2P, in spite of possessing the same carbon number, the differences remain marked.
This effect can be explained by considering the relative interaction strengths of alcohol-alcohol or alcohol-water molecules due to the differing polar nature and ability of water and alcohol to self and cross-associate. The boiling point of 1P is 15 K higher than that of 2P, which indicates that the alcohol-alcohol interaction is relatively stronger than the alcohol-water interaction in 1P.
Consequently, less salt is needed to split the water + 1P mixture into two phases since a more stable and richer alcohol phase forms. It should be noted that the various systems that were correlated in order to obtain the parameters employed here, include water + NaCl or KCl + TB at 298.15 K, but not at another temperature since there are no previously published data available. In addition, there is no equilibrium data available for systems with TB containing the Cl -ion in combination with other cations, at temperatures above 300 K. It is therefore not surprising that the calculated results do not correctly predict the equilibria of those systems at such temperatures. Thus, based on the reliable experimental data reported here, it will be necessary to review the parameters of the model. The new parameters should correctly reproduce the influence of temperature on the shape of the equilibrium diagram.
CONCLUSIONS
Equilibrium data representing the various regions of the phase diagrams of water + NaCl + 2-methyl 2-propanol and water + KCl+ 2-methyl 2-propanol, at boiling conditions and 101.3 kPa, have been determined experimentally.
The presence of these two salts splits a totally miscible mixture such as water + TB into two liquid phases and the extent of splitting increases with temperature. From 298.15 K to the boiling temperatures, less salt is needed to split the liquid mixture into two liquid phases. Comparing different alcohols, the ability of NaCl to split water + alcohol mixtures follows the order 2-methyl 2-propanol >1-propanol> 2-propanol.
Finally, it will be necessary to review the interaction parameters of the extended UNIQUAC model, including equilibrium data at temperatures higher than 300 K, to correctly reproduce the behavior of these systems with rising temperature. u(T) = 0.06 K, u(P) =0.1 kPa ur(x)=ux is 2% except for the NaCl in the phases with xsalt < 0.01 where its relative standard uncertainty is 5%. Table of contents 
